
SPECIAL ARTICLE

Return-to-sport following anterior cruciate ligament

reconstruction in team sport athletes. Part II:

Progressive framework

Azahara Fort-Vanmeerhaeghea,b,*, Jordi Arboix-Ali�oa, Alicia M. Montalvoc

a Ramon Llull University, FPCEE and FCS Blanquerna, Department of Sport Sciences, Barcelona, Spain
b Segle XXI Female Basketball Team, Catalan Federation of Basketball, Esplugues de Llobregat, Spain
c College of Health Solutions, Arizona State University, Phoenix, AZ, USA

Received 22 April 2021; accepted 31 May 2021
Available online 30 August 2021

Abstract In the second part of this evidence- and experience-based guide, we present a pro-
gressive framework for return-to-sport following anterior cruciate ligament reconstruction in
team sport athletes. This framework guides programs that return athletes to competition at
maximum performance while minimizing risk of reinjury. We have built onto a framework typi-
cally used in team sports that proposes progress move from general to specific. The progression
is accomplished through the use of motor learning principles and attention to hypercomplexity,
which characterizes situation sports. The framework focuses on preparing players to withstand
repeated high-intensity actions, combining jumps, accelerations, decelerations and changes of
direction with dribbling, passing, receiving, shooting and/or reacting to their teammates and
opponents while minimizing risk of reinjury.
© 2021 FUTBOL CLUB BARCELONA and CONSELL CATALÀ DE L'ESPORT. Published by Elsevier
España, S.L.U. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction. Towards optimal performance

Part I argued that return to sport (RTS) following anterior
cruciate liagament reconstruction (ACL-R) requires an
approach unique in team sport athletes that differs from the
traditional approach. It’s not enough to focus only on recov-
ery of the injured structure(s); the injured athlete must also
be prepared to withstand the demands of team sport compe-
tition. In other words, the different structures, or systems,
(e.g. conditional, coordinative, emotional-volitional,
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creative-expressive, cognitive and socio-affective) must be
readapted to sport performance in an integrated way while
minimizing risk of reinjury and returning the athlete to com-
petiton at the highest level of performance. These goals
should be accomplished using basic principles of sports train-
ing, especially those of progression and individualization.

The RTS process following ACL-R can be viewed on a con-
tinuum. To structure the RTS program, Part II proposes using
different levels of approach to competition that have been
established.1,2 Table 1 shows a generic program using
approaching levels to competition for a team sport athlete
following ACL-R. Initially, the rehabilitation process main
objectives are biological healing of the injury and improve-
ment and maintenance of the athlete’s physical condition-
ing. The next phase on the continuumis return-to-training
(RTT). The main objective of this phase is to prepare the
athlete to tolerate group training with confidence while
minimizing the risk of reinjury. The final phase of the pro-
gram is return-to-competition (RTC). The main objective of
this phase is to prepare the athlete for competition at maxi-
mum performance. It should also be added that once the
athlete has suffered an ACL injury, it is important to address
the main factors that contribute to ACL injury (e.g. ham-
string strength work) to prevent re-injury throughout their
career.

A flexible and specific RTS framework following ACL-R in
team sports athletes is presented below, with an emphasis
on the RTTand RTC phases. Although this framework focuses
especially on the conditional area, the integration of all
areas that influence the athlete's performance (e.g. psycho-
logical, nutritional, etc.) are still equally important.

Rehabilitation

As mentioned in Part I, most team athletes who suffer ante-
rior cruciate ligament (ACL) injury and wish to return to
sport will need to undergo surgery. For this reason, the phys-
iotherapist and the rest of the professionals who will work
closely with the injured athlete during rehabilitation must
have open communication with the surgeon. The surgeon
will provide valuable information about aspects that will
determine the treatment: type of graft, whether or not
there will be meniscus repair, determination of damage to
cartilage, idenfitification of associated ligamentous injuries
or complications during surgery.3

ACL reconstruction surgery uses a graft to replace the lig-
ament. The most common graft types are autografts, or
grafts from the patient’s own tissue (eg. patellar or ham-
string tendon). Healing of the remaining patellar tendon fol-
lowing removal for graft occurs at approximately 8 weeks.4,5

This is faster than the healing of the remaining hamstring
following removal for graft, which takes approximately
10�12 weeks. Although there is some individual variability,
most authors agree that this phase can end at approximately
10�13 weeks.6,8 It should be added that the remodeling
phase of the hamstring autograft is significantly longer than
that of the patellar tendon (12�24 months vs 6�12
months).9 The remodeling phases for each graft type corre-
spond with both the time the athlete is returning to compe-
tition and the time athletes are at greatest risk for a second
ACL injury.10
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Immediately following ACL-R, the proposed tasks will be
mainly general in nature (level 0); that is, they do not trans-
fer to sport-specific movement, but they activate funda-
mental movement patterns during their execution.11 The
work on strength and neuromuscular control during this
phase will be key during the later phases. The systematic
review by Van Melick et al. (2017) on rehabilitation after
ACL-R concludes that3

- Isometric quadriceps work is safe from the first week
post-operation (level 2 of evidence).

- Open kinetic chain quadriceps work should be delayed
until week 4 (in order to avoid elongation of the graft)
and limited to 90�45° of flexion (level 2).

- Early bodyweight strength work does not affect posterior
knee laxity (level 2).

- Neuromuscular training (training of the sensorimotor sys-
tem in order to gain dynamic stability) should be added
to strength training in order to improve knee stability
(level 1).

- Initiating closed kinetic chain eccentric quadriceps acti-
vations 3 weeks post-ACL surgery is safe and contributes
to improving quadriceps strength more than training with
concentric muscular activations (level 1).

Furthermore, in this phase it is important to try to main-
tain the athlete's physical conditioning without jeopardizing
the biological healing of the injury (eg. general metabolic-
cardiovascular work or trunk strength).

Some other useful criteria found in the current literature
that can be used in the decision to progress athletes to the
next level include: the absence of pain (eg VAS <2�3 during
walking) and edema, the restoration of the full range of
motion of the knee (0�125°, full extension) and good neuro-
muscular control (dynamic stability) of the hip-knee-ankle
complex during single leg balance (Table 2) or low-impact
activities, such as walking.6,8

Finally, active work during the preoperative phase (“pre-
hab”) is crucial to the success of the rehabilitation and the
ability to return to competition following ACLR.12,13

Return-to-training

According to motor learning theories, one of the best ways
to learn is through imitation.14 Integrating a player with the
group allows them to improve their performance by imitat-
ing their teammates. To do this, there must be a progressive
increase not only in conditional and coordinative loads, but
also in cognitive and emotional loads.

To describe the progression of the rehabilitation process to
training, the retun-to-training period will be divided into two
sub-phases: 1) Return-to-activity, and 2) Return-to-sport.

Return-to-activity

Athletes in this phase usually participate actively in the
rehabilitation sessions and can begin to participate in gym
and track training sessions with the rest of the group, but
with certain modifications or restrictions. They should avoid
damaging the injured tissue or structures that surround the

injured area. On a psychological level, the ability to partici-
pate in the dynamics of the group represents a great mile-
stone for the player. On a physical level and generally, this
phase focuses on improving basic motor skills through both
functional strength and low-impact neuromuscular control
training.

Improve strength in basic movement patterns

As this is still a time of biological healing of the injury, strength
training during this part of rehabilititation is usually increased
isometrically or dynamically using low loads to activate
muscles and lay the groundwork for building muscular endur-
ance (< 50% 1 RM) and strength (60�80% 1 RM) later.15 Subse-
quently, muscles, tendons, ligaments and cartilage should be
progressively prepared to withstand the higher loads to which
joints are subjected during sport-specific skills (SSS). This is
known as the creation of structure (specific adapatations to
imposed demands, SAID principle).16

Structure creation (SAID principle)

During this phase, the creation of structural adaptations
(muscles, tendons, ligaments and cartilage) through
strength training becomes especially important. Practi-
tioners should try to make strength training functional (eg.
dynamic, fundamental movement) while considering the
role of the neuromuscular system on active joint stabiliza-
tion. As a player becomes stronger and their structure
improves, they will also advance in adaptations aimed at
sport movements.1 Classically, strength training with the
aim to target hypertrophy is worked between 3, and 5 sets
of 6�12 repetitions (per muscle group and session) and at an
intensity between 65, and 85% of the one maximum repeti-
tion (1RM). As a guideline, and depending on the individual
adaptations of each athlete in this phase, it is recommended
to progress from lower to higher intensity and volume.
Regarding the training volume, Schoenfeld and Grgic (2018)
suggest that a good starting point to build hypertrophy
would be to work about 10 sets per muscle group per week.
This volume can be increased progressively and over time
(eg. 20 weekly sets per muscle group).17 At the end of this
stage athletes should be able to tolerate intensities close to
80�85% 1RM (6�8 maximum repetitions) during the funda-
mental strength movements of the lower limb.

Choosing tasks (movements)

At this level of progression, tasks 0+ are prioritized. The
focus is on strengthening fundamental movement patterns
(e.g. squat, lunge or Romanian deadlift). In the case of knee
injuries, knee-dominant exercises (e.g. squat, lunge, Nordic
hamstrings, etc.) and hip-dominant exercises (e.g. Roma-
nian deadlift, glute bridge, etc.) are particularly relevant.
The combination of these patterns facilitates progress
toward sport-specific movements. Similar to the previous
stage, it will be very important to continue focusing on the
correct alignment of the hip-knee-ankle complex during tri-
ple flexion exercises of the lower limb, as well as proper
trunk mechanics (Figure 1) (e.g. maintaining a slight curve
in the lumbar spine during execution of a squat). Neither
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technique nor quality of movement should be sacrificed for
the intensity of the exercise.

While limbs should be worked both bilaterally and unilat-
erally, unilateral tasks should be progressively prioritized
because they are commonly performend in team sports. Dur-
ing bilateral work, it is important to emphasize limb symme-
try despite the large asymmetries that are likely present.
Unilateral work is key to reducing the neuromuscular asym-
metry typical of the first stages of rehabilitation.18,19 During

this time the injured leg will determine the load for both
legs.20 In addition, unilateral work on the uninjured leg
allows the athlete to take advantage of the intermuscular
coordination mechanism known as the crossover effect.21

The crossover effect occurs when the benefits from work
done by one (uninjured) limb “crossover” to benefit the con-
traletal “uninjured” limb.

Most actions in team sports are related to the application
of force in unstable situations. In fact, strength training on

Table 2 Useful tools and criteria recommendations to progress in specificity during the RTS post ACL-R in team sports.

PHASE Rehabilitation Return to training Return to
competition

Return to Activity Return to sport

Useful criteria to

move to the

next phase

- Pain and edema
control (e.g. VAS <
2�3 during gait)

- Acceptable knee
range of motion
(e.g. 0�125°)

- Good neuromuscu-
lar control of the
trunk-hip-knee-
ankle complex
during activities of
daily living (e.g.
unilateral balance
and gait)

- Good neuromuscular con-
trol (biomechanics) dur-
ing FMS (e.g. Single leg
squat test51) and low
impact SSS (1 vs 0)

- Monitoring inter-limb
asymmetry (magnitude
and movement strategy)
in different capacities
and skills:
- Strength: Analytic (e.g.
quadriceps, hamstrings,
abductors) and funda-
mental movements
(unilateral squat)
- Dynamic balance (e.g.
Star Excursion Balance
test50)

- Single leg jumping tests
in the vertical, horizon-
tal and lateral direction
(jumping with one leg
and landing with both
legs52)

- Running technique
- Core stability (e.g. frontal
and side plank31)

- Acceptable ratio and
co-activation between
hamstrings and quadricipi-
tal muscles

- Limb alignment video analy-
sis (biomechanics) during
ACL high risk situations:
- Landing Error Scoring Sys-
tem79 (e.g. LESS < 5)

- Tuck Jump Assessment 80,81

(e.g. TJA < 6)
- The cutting movement
assessment score73

- FMS (jumping, sprinting and
CODs) and SSS successfully
perform at maximum inten-
sity, acceptable neuromuscu-
lar control and safely

- Monitor magnitude (% ASI),
direction and movement
strategy of inter-limb asym-
metries in functional tasks:
- COD and agility tests (e.g.
modified T-test77, COD
tasks in different angles
45° /90°/180°72, reactive
drills. . .)

- Fundamental strength
tasks (e.g. Bulgarian
squat) or isoinertial devi-
ces skills 75 (e.g. cross step
or side step)

- Jump and hop tests in mul-
tiple directions76 (e.g. limb
symmetry index < 90%)

- Good ratio between ham-
strings and quadricipital
muscles8 (e.g. < 10�15%)

- Fatigue resistance to inter-
mittent and repetitive
efforts, typical of team
sports. Examples:
- Repeated sprint ability
with one or more CODs
(e.g. 10* (15+15); r:30
seg75)

- 30�15 Intermittent Fitness
test74

- Absence of pain or
edema

- Levels of strength /
power and speed
and quality of
movement
between legs simi-
lar or prior to
injury (e.g.
<10�15%), both in
FMS and SSS

- High capacity to
resist high inten-
sity repeated
efforts

- Good confidence
and competence in
technical and tac-
tical performance

- Tolerance to train-
ing / competition
chronic load

- Assessment of psy-
chological readiness
(e.g. ACL Return to
sport after injury
scale 84)

COD = change of direction;% ASI = inter-limb asymmetry index; FMS = Fundamental movement skills; SSS = sport specific skills;
RSA = Repeated sprint ability.
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unstable surfaces (eg. squat on a bosu) has been shown to
facilitate, among other things, greater co-activation of the
quadriceps-hamstring muscles and greater activation of the
core compared to the same exercises performed on a stable
surface.22 In addition, stability training allows for high neu-
romuscular activation with little joint load or stress, which
makes it very useful during the early phases of rehabilita-
tion. However, unstable strength training does not allow ath-
letes to achieve the levels of power or strength that can be
achieved with stable strength training. Although there is no
consensus on this, some research recommends combining
training heavy loads under stable conditions with the aim of
gaining greater power and strength with training lower loads
under unstable conditions to obtain greater neuromuscular
adaptations that promote joint stability (e.g. coactivation
between quadriceps and hamstrings).22,23

Compensatory work

In addition to prioritizing strength training of functional
movements or the aforementioned fundamental movement
patterns, it is also important to analytically approach
muscles that have a more stabilizing function and that are
associated with risk factors for ACL injury. This type of work
is often called compensatory work (level of approximation
0-) and ecompasses tasks that reduce the risk of injury dur-
ing functional movements (Figures 2 and 3). In the case of
readaptation following ACL injury, the following muscles are
especially important to knee stability, strength and precise

muscle activation (neuromuscular control):24 (1) Quadri-
ceps, in eccentric activation, (2) hamstrings, especially the
medial part, (3) external rotators and hip abductors, (4)
trunk, and (5) vastus medialis (related to the typical patello-
femoral syndrome after knee surgery). In addition to the
aforementioned muscles, decreased dorsiflexion25 can also
be considered an area for compensatory work for ACL injury
prevention since it promotes dynamic knee valgus, one of
the main mechanisms of ACL injury.

Regain neuromuscular control during fundamental
motor skills

Neuromuscular control depends on the sensorimotor system.
It is described as precise neuromuscular activation that
ensures dynamic joint stability and, in turn, enables coordi-
nated and effective action.26 One of the main objectives
during this phase is to achieve good neuromuscular control
during the main fundamental motor skills (FMS) that com-
promise the injured structure. The main FMS following ACL-
R in most team sports are running, jumping, and change of
directions, which all involve the stretch-shortening cycle.
These actions are associated with increased risk of ACL
injury. Striking a balance between coactivation and recipro-
cal inhibition of the quadriceps and hamstrings is key to
both protecting the knee and facilitating sport perfor-
mance.27 To ensure proper mechanics (alignment and triple
flexion of the hip-knee-ankle complex) during FMS (e.g.
landings, change of direction), accurate neuromuscular

Figure 1 Tasks created to optimize low limb biomechanics (triple flexion of the hip-knee-ankle complex). This neuromuscular
activation strategy improves quadriceps-hamstring coactivation and reduce dynamic knee valgus. This fact reduces joint load to
which the knee is subjected during high-risk ACL injury actions (changes of direction, decelerations, and jump receptions). In addi-
tion to triple flexion of the low limb, flexion of the trunk is also important while maintaining the physiological curvature of the spine.
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activation of the hip abductors, trunk muscles and medial
hamstrings are really important.28

Next, the bases on which to progress the difficutly
of neuromuscular control tasks are described. Start

with core work and lower limb dynamic stabilization
and progress towards the retraining of the FMS, such as
running, jumping (especially landings), and change of
direction.

Figure 2 Example of strength and neuromuscular control tasks according approaching levels to RTC post-ACL injury in a vol-

leyball player. The figure presents three level of approaching levels (0 - / 0+ / I) to improve strength and neuromuscular control in
three areas: Lineal displacement, lateral displacement and bilateral jump. Level I examples are strength coordinative exercises per-
formed through inertial equipment (A. Forward lunge with inertial device simulating forearm pass, B. Lateral step with forearm pass,
C. Yo-yo squat reproducing a volleyball block), level 0+ examples are fundamental strength exercises with gravitational resistance
(D. Unilateral hip trust, E. Lateral lunge with vibration, F. Hexagonal bar squat) and level 0- includes compensatory exercises (G. Sin-
gle leg death lift with bosu, H. Running stork, E. Fitball kneeling with ball control).

Figure 3 Example of the main part of a post-ACL RTC session organized in three chained exercises in a handball player. This
session focus on coadjuvant training (emphasizing conditional and coordinative structure) and is organized by three training objec-
tives (stations): 1 / Jump strength (A. Landmine squat, B. Core lateral clam, C. Jump simulating a defensive block); 2 / Change of
direction strength (D. Crossover step with inertial device, pass and receive, E. Assisted Nordic hamstrings, and C. V-cut at maximal
speed) and 3 / Fight strength (G. Unilateral pull press with partner perturbations, H. Unilateral row while bouncing, and C. Pivot posi-
tion fighting and simulating a gain attack position.
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Dynamic core stability

The stability of the central part of the body (core), is essen-
tial to maintaining stability of the spine and proper lower
limb mechanics (e.g. avoiding dynamic valgus in the jump
landing) during sport actions.29

Our experiences and a review of the current literature
suggest that dynamic core work should begin immediately
following ACL-R with basic stability, mobility, and body
awareness exercises. At this time it is very important to acti-
vate the deep muscles of the trunk (e.g. transverse abdomi-
nis and multifidus) and hip (e.g. gluteus medius) because
low activation of these muscles combined with hyperactivity
of the superficial muscles (e.g. rectus abdominis) is associ-
ated with injury, especially spinal injury.30,31

Once a good base of proprioceptive control of the core
has been created, athtletes can progress towards more sta-
ble exercises to improve muscular endurance and capacity
to react. It will then be possible to progress towards more
specific exercises that load the core in the same what that
training and competition do � during rotation, acceleration
and deceleration actions.32

Lower limb dynamic stability: from balance to
landings

The current literature describes 3 categories of progression
in dynamic stability training: a) static balance; b) dynamic
balance and c) dynamic stabilization.33 Static balance is
defined as the ability to maintain the center of mass on a
fixed support base.34 This ability is highly influenced by the
sensory information received, which is obtained through the
somatosensory (especially proprioception), visual and ves-
tibular systems.35 Once a good base of the proprioceptive-
visual-vestibular system is created, athletes can progress
towards improving dynamic balance. Dynamic balance is
ability to maintain the center of mass on a fixed support
base while experiencing disturbances, such as by balancing
on an unstable base or by manipulating and/or controlling
objects with other limbs.36 The disturbances effected in this
second level of progression begin with controlled stimuli and
progress towards unpredictable or unexpected situations.37

Finally, and as a guiding criterion to move on to RTS, the ath-
lete should be able to tolerate dynamic stabilization tasks;
that is, they should be able to maintain stability during/
after dynamic actions, such as landing after a bilateral or
unilateral jump in multiple directions with perturbations.38

When performing both the balance and dynamic stability
tasks described above, it is recommended to focus on the
correct alignment and triple flexion of the hip-knee-ankle
complex (Figure 1). Previous research has shown how knee
flexion during simple tasks, such as single leg balance (30°),
or more demanding tasks, such as changes of direction,
reduce valgus and increase coactivation between the quad-
riceps/hamstring muscles, both of which reduce the risk of
ACL injury.6,39 In addition, it is also important to flex the
trunk and maintain the physiological curvature of the trunk
(lumbar lordosis), which will facilitate the activation of the
hamstring muscles and further reduce the risk of ACL injury.

Training using vibration plates can also be useful in
improving the dynamic stability of the injured complex.40

Coactivation of the quadriceps-hamstring muscles and the
activation of the myotatic reflex (one of the main reflexes
that works directly to facilitate balance and the stretch-
shortening cycle) increase as a result of the vibratory stimu-
lus. In addition, the vibratory stimulus produces a pain-
inhibiting effect via the gate-control mechanism. This is
very useful to improving neuromuscular control following
damage to the cartilage, which occurs commonly following
knee surgery.40 Several studies exist that demonstrate
improvements to stability and neuromuscular control of the
lower limb with vibration plate training following injury and
during rehabilitation.41-43

Starting displacements: from running to change of
direction

The main objective in this phase is to support proper
mechanics of linear (front and back), lateral, diagonal and
rotational movements. Table 3 shows a progression of tasks
that aim to retrain the different movements based on
approaching levels.

First, it is important to achieve good symmetry in linear
running. Some reserach suggests starting running around
12�18 weeks post-surgery, although this will depend greatly
on the individual and especially if there are concomitant
injuries.6,7,44 Training gait mechanics on soft surfaces (e.g.
sand pit and/or graded treadmill) can be useful before start-
ing running on solid ground.

Once an athlete has mastered a low speed straight run,
they can progress towards a low speed lateral shuffle. The
athlete can also progress to movements in multiple direc-
tions that include low impact changes of direction (e.g. 45°,
90° and 180°) at a controlled speed. It is important to train
different angles of direction change to mimic sport move-
ments and to train different types of maneuvers (e.g. side-
step or cross-step). In Australian football, it was observed
that ACL ruptures occurred during side-stepping maneuvers
(37%), in landing (32%), land and step (16%), stopping/slow-
ing (10%) and cross-over cut maneuvers (5%).45 Therefore, it
is important to properly train these movements to mitigate
ACL injury risk.

Useful tools to improve running and low impact multi-
directional displacement include classic running technique
exercises (e.g. skipping), coordinative exercises using ladders
or something similar, and movements with resistance (e.g.
incline treadmill or displacements with resistance bands).44

As the athlete tolerates the different movements, situa-
tions of deceleration (braking) and acceleration (starting)
can be introduced at a controlled speed. Then, speed and
complexity can be progressively increased.

Improve low impact resistance to fatigue

In most team sports, one of the keys to success is the ability
to repeat high intensity bouts. This ability depends on
capacity of the neuromuscular, metabolic and cardiorespira-
tory systems to adapt to fatigue. Fatigure-resistance plays
an important role not only in performance, but also in injury
prevention because neuromuscular fatigue is considered one
of the biggest risk factors for sports injuries.46 Recently,
high intensity interval training (HIIT) has become one of the
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most popular and effective methods for improving the car-
diorespiratory, metabolic and neuromuscular systems.47 As
long as the injured area allows, HIIT can begin in the initial
stages of ACL rehabilitation. The conditioning program can
progress from low-impact (eg. swimming, cycling, elliptical,
etc.) to high-impact, such as running or change of direction
drills.

Start SSS in a stable environment

During this phase, it is especially important to exclude the
athlete from tasks that involve opposition and collabora-
tion (1 vs 0), but to still include them in group training
sometimes. For example, in basketball, injured athletes
can participate in individual technique work with and
without the ball, in a varierty of movements, like drib-
bling, changes of directions, changes of rhythm, reversals,
etc. The athlete can also start making layups with changes
of pace and direction. An important rule in this phase is
that the technique must be prioritized over intensity.
Once the technique is mastered (eg. good neuromuscular
control during triple flexion of ankle-knee-hip), the ath-
lete can progress towards an increase in the intensity of
the action.

In order to progress to higher specificity levels, the
injured athlete should be free of knee edema and have full
range of motion (some degrees of knee flexion deficit may
remain), good neuromuscular control of the FMS, and inter-
limb strength asymmetry close to 70%3,7,8,48 When creating
tasks closer to the competition, it is important to consider
that the actions that determine the specific movements of
team sports are changes of pace (accelerations and deceler-
ations), the speed of movements, changes of direction,
stride length and frequency; and all this adapting to the
ball/implement, the teammates and / or opponents.49

Table 2 shows some useful tools and criteria to monitor
and control the athlete's progression during the RTT
period.7,31,50�52

Return-to-sport

This level of progression has the main objective of improving
the injured athlete’s sport-specific performance so that
they can be reintegrated into training with the rest of the
group.

At this time, sport-specific performance does not only con-
sist of readaptation of the conditional and coordinative struc-
tures. It also consists of readaptation to skills at maximum
intensity inside the variable and unpredictable environment
(near chaos) typical of team sports, where emotional, cogni-
tive and psychological structures play vital roles.

Furthermore, progressive increase of training load is key
during this phase. At this time, it is very useful to have GPS/
accelerometer devices and data to progressively increase the
field load.53 In the absence of this technology, subjective
questionnaires can be used that analyze the internal load (eg.
Session-RPE or wellness questionnaires).54,55 While research
is lacking, it seems to be useful to calculate the acute/chronic
load ratios to avoid the typical “spikes”, or exponential
increases, in load, which have been related to increased
injury risk.56,57 Load becomes especially important when the
injured athlete begins to rejoin group training sessions.

At the end of this phase, the athlete can begin to carry
out full training sessions with the rest of the team. However,
this does not mean that the athlete can perform all field
workouts. At the outset, athletes can engage in, for exam-
ple, two or three full field group training sessions, which is
similar to the training load for most amateur teams.

Sport-directed strength development

Until now strength training has focused on hypertrophy and
general coordination. When the structures are already pre-
pared, the work of the coordinative strength can begin to be
emphasized, that is, that strength directed to the sporting
gesture and that the athlete must apply at each moment of
the game (Approach level I! II! III). And, consequently,
progress in specific and competitive strength training, that

Table 3 Task examples during retraining displacements after ACL-R in team sport following approaching levels.

Return to training Return to competition

Phase Return to Activity Return to sport Return to competition Return to peak performance

Approaching levels General (0+/ I)! Directed (II / III) Special (IV)! Competitive (V)

Displacements Area

- Lineal

- Lateral

- Rotational

- Linear, lateral and rota-
tional movements with
progressive increase in
speed

- Progress increasing the
intensity with changes of
pace (accelerations and
decelerations) and changes
of direction varying angu-
lation (0�45°!
45�90°! 90�180°)

- Resisted displacements
Displacements changing
stride length and
frequency

- Same tasks, but with the
mobile (e.g. Ball)

- Conditional - coordinative
circuit training (physical
load close to the competi-
tion). They include specific
coordinative elements and
nonspecific decision-mak-
ing.

- Specific displacements.
They can include collabo-
rators and/or simulated
opposition
(e.g.1 vs 0, 3 vs 0. . .)

- Small games with
attack/defense

- Small games with
equal numbers of
players

- Simulated real game (e.g.
Practice match, friendly
match)

- Lower categories match (eg.
amateur)

- Official match
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is coordinative work (technique of the sport itself) under the
increase of external resistance.58

When following the structured training framework1 the
main areas (basic skills) to reatrain post- injury are displace-
ments (linear, lateral and rotational) and jumps (multiple
directions, unilateral and bilateral) (Figure 2). These should
begin in a controlled environment and progress towards a
chaotic environment, which is specific to team sports.
Improvements in strength and neuromuscular control during
these actions will be key to enabling the athlete to tolerate
sport-specific work.

As previously mentioned, team sports are characterized by
wide variability in muscle activation patterns, which is why
strength training aimed at sport movements must follow the
path outlined here. Consequently, Moras (2017) proposes the
construction of a variable training environment (3-dimensional
and 4-dimensional) to compensate for the lack of specificity in
classical strength training11, especially in the approach levels
furthest from the competition (0-II). For example, in a change
of direction exercise with a conical pulley can be varied by
changing the distance, the bending angle, the number of
steps, adding the ball, adding an unstable platform, or adding
opposition, collaboration, shot actions or decision-making.

Most ACL injuries occur during the deceleration phase of
jumping and/or direction changes59, which is why eccentric
overload training takes an special relevance. From our experi-
ence, we observed that control of dynamic knee valgus during
deceleration depends on the athlete’s ability to both generate
eccentric force in the extensors and activate the stabilizing
muscles (e.g. hip abductors). Recently, several isoinertial
devices that allow for eccentric overload during sport-specific
tasks have become available18,60 (Figures 2 and 3).

To organize tasks in RTS sessions, it may be useful to use
Seirul¢lo’s triseries (fundamental, compensatory and appli-
cation exercises).1 This format is represented from the
design of a fundamental exercise followed by a complemen-
tary or compensatory exercise and, finally, an application
exercise. Fundamental exercises are polyarticular exercises
that involve global movement and affect the main musculo-
skeletal system. Depending on the specificity of the session,
the fundamental exercises will mimic the actions of the
sport. The complementary exercises are characterized by
recruitment of secondary muscle groups within the sport
movement. Compensatory exercises help to minimize the
risk of injury, and are aimed at correcting imbalances.
Finally, the application exercises are those that facilitate
muscular actions similar or identical to the technical ges-
ture, reproducing both movement patterns and execution
speeds. Depending on the levels of approximation of the
exercises, actions that require decision-making can be
included.61 Figure 3 shows an example of the main part of a
post-ACL RTS session that aims to improve strength and neu-
romuscular control (fight, change of direction and bilateral
jump areas) organized in three chained exercises in a hand-
ball player.

Finally, it should be noted that in this phase training aimed
at reducing neuromuscular asymmetries between legs during
FMS and SSS is particularly important.62 Additionally, training
should address asymmetries in both physical abilities (e.g.
foot dorsiflexion, balance and/or strength) and motor skills
(e.g. jumping and/or changes of direction in multiple direc-
tions). Research has shown that unilateral training is key to

reducing inter-limb asymmetries resulting from injury.19,63

Once again, practitioners should monitor not only the magni-
tude of the asymmetry (with the Asymmetry Index), but also
the direction of the asymmetry (eg. left vs right leg).62 Asym-
metry becomes more important to address as the athlete
approaches the end of the RTC process.

FMS at high intensity: unexpected actions and
fatigue conditions

When retraining jumping and other movements in team
sport athletes, it is important to keep in mind that using a
knee-predominant strategy in the frontal plane has been
associated with an increased risk of ACL injuries.64 In addi-
tion, the load on the ligament during changes of direction or
landings increases with the decision-making, unexpected
actions and fatigue65 typical of team sports.

In team sports, the intensity of actions depends not only
on conditional and coordinative abilities (e.g. strength and
power), but on perceptual and cognitive abilities. For this
reason, good motor control strategies during FMS that
involve the knee (displacements and jumps in multiple
directions) in a closed and planned way must first be
acquired. Then, open tasks, including decision-making,
unexpected situations and fatigue conditions in game-spe-
cific situations, can be introduced progressively.66 In other
words, the athlete must be prepared for the reality of the
game, which includes adapting to the opposition, collabora-
tion, fatigue and the pressure of competition. In this case, it
can be very useful to have the so-called conditional-coordi-
native circuits. This kind of circuit training is widely used in
the physical preparation of team sport athletes, and the
nature and organization of the load resemble those of com-
petition (Table 3). This type of work includes specific coordi-
native elements and nonspecific decision-making. From the
conditional perspective, Circuit training allows for variations
in work and rest times, which can place the emphasis on
resistance to high intensity (longer duration with shorter
rest) or on the speed of the action (shorter duration with
longer rest). In addition, circuit training also allows sport-
specific work on one or more specific motor skills through
modification of the space and duration of the circuits. For
example, to enhance high speed running in soccer players
with circuits, we should introduce high intensity 20�30m
runs in a linear or near-linear path. Conversely, if what we
want to enhance eccentric components of the actions, or
increase the number of maximum accelerations and deceler-
ations, we should introduce short and intense actions (e.g.
stopping, changes of direction).

In order to prepare the injured athlete for unexpected
game events, it is essential to train anticipation or pre-acti-
vation mechanisms (feedforward).26 Feedforward mecha-
nisms have been associated with a greater ability to
stabilize lower limb joints during risky situations, such as
landings or changes of direction.67,68 In order to develop
these protective mechanisms, it is important to introduce a
wide variety of tasks and to gradually introduce unexpected
actions.33

Finally, it is important to strike a balance between neuro-
muscular control (eg. correct technique and/or biomechan-
ics) of the susceptible structures and the coordinative,
perceptual and cognitive demands of the proposed task.
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Improve resistance to fatigue in sport-specific
environment

In line with the previous section, in team sports one of the
keys to success is the ability to repeat high-intensity bouts
of effort.69 This ability is not only important for perfor-
mance, but also plays an role in reducing the negative
effects of fatigue (one of the major risk factors associated
with ACL injury).66 In recent times, high-intensity interval
training (HIIT) has become a popular method to improve
respiratory, metabolic and neuromuscular capacity in team
sport athletes.47 There are many potential applications for
HIIT, including progressing from more basic skills in con-
trolled situations to more specific skills in more unstable
environments. For example, a possible progression of tasks
from less to more demanding could be the following: 1) Clas-
sic HIIT with short intervals (eg. 15 s at high intensity - 30 s
of active pause£ 7min£ 2 sets), 2) repetitive sprint train-
ing with various changes of direction (eg 10 sets of 30 s -
recovery 30 s) with minor decision-making, and 3) small
games (eg. 5 sets of 3 min of half-court basketball).70 The
possibilities for progressions are endless. It is important to
consider integrity of the structure being retrained when pro-
gressing from a controlled environment to a chaotic, game-
like environment.71

Combining SSS: progress towards a variable and
unexpected environment

Once the athlete is able to tolerate high-intensity SSS in a
controlled environment, it is time to prepare the athlete for
the reality of the sport: Fatigue + hyper-complex environ-
ment (unexpected situations where the athlete must make
decisions based on their opponents, teammates, the ball/
implement and decision-making with combined conditions).
At this time, the athlete can begin to progressively train
with the rest of the group. The athletes’ load should be
closely controlled. When progressing tasks, it is important to
consider the following aspects: 1) fatigue (e.g. training
time), 2) number of high-risk motor actions (e.g. jumping
and/or high intensity changes of direction), 3) decision-mak-
ing (from simple to complex), 4) environmental disturbances
(e.g. tasks with contact, and/or opponent, and/or the ball/
implement), 5) collaboration (teammates), 6) and the
degree of opposition. An example of task progression would
be to start with situations without an opponent (1 vs 0, 2 vs
0. . .), progress towards situations of attach/defense (2 vs 1,
3 vs 2. . .), then reduced games (1 vs 1, 3 vs 3,. . . 5 vs 5), and
end with real game (5 vs 5, 7 vs 7, 11 vs 11, etc. depending
on the team sport).

Although there is currently no evidence on which factors
succesfully predict RTC following ACL-R, it is recommended
that practicioners use an extensive battery of tests in order
to reach a consensus on RTC.3 Table 2 shows some useful cri-
teria and tools that can help determine how to progress
from rehabilitation to competition.8,72,81,73�80

Return-to-competition

The success of the rehabilitation is predicated on the ath-
lete's ability to return at or above the preinjury level of

competition without fear of reinjury influencing their per-
formance. Key factors that determine readiness for RTC are
the absence of pain and edema, preinjury or symmetrical
strength and power in the lower limbs, ability to withstand
repeated high-intensity bouts of effort, and good confidence
and competence in technical and tactical performance
(Table 2).82 In addition, readiness for RTC will depend on the
athlete’s level of play and on their psychological and social
attributes.83 In fact, there is a scale that measures the ath-
lete's psychological readiness to return to competition (ACL-
Return to Sport after Injury scale).84

The decision to return to competion must be agreed upon
by the different professionals that surround the athlete. Once
a consensus is reached between the technical and medical
staff, it is important to plan the progressive reintroduction to
the team's competition, which will depend on the stage of the
sport season. An example of how to progress in this phase
would be to have an athlete start with low stakes competitive
matches, such as exhibition games or competitions in lower
levels of competition (eg. amateur). From here, the athlete
will progressively increase the minutes of competition until
they reach the highest level, which will match the demands
of the competition. In this last phase, communication
between the coach, player, and the rest of the staff takes on
special relevance. It is important that the coach and the
player talk about what is expected of one other and establish
a plan to progressively return to competition at maximum
performance while minimizing risk of reinjury.

It should be noted that the following aspects: being
young, the absence of cartilage injuries, being a professional
athlete, having a good psychological disposition, and good
knee symmetry facilitate the success of RTC process.83

In order to faciliate competition at maximum perfor-
mance, the athlete must continue to improve their ability to
withstand different game scenarios, symmetrically refine
their SSS (to the maximum extent possible) in real environ-
ments, and train with a competitive mindset to enhance
security and confidence.

Return-to-peak performance

While an athlete may compete and even tolerate most of the
training sessions with their teammates at pre-injury levels,
this does not guaranteed that they have achieved their max-
imum potential. Team sports are characterized by weekly
competitions where recovery time between games and
training sessions is not always ideal. It is essential to monitor
training and competition load because the neuromuscular
and metabolic fatigue that characterizes team sports is one
of the main risk factors for ACL reinjury.66 It is also impor-
tant to progressively prepare the athlete to withstand the
same loads as the rest of the team. As such, when returning
athletes to competition they must be prepared to tolerate a
match through exposure to progressive chronic load.56 Doing
so will enable them to compete at maximum performance.
It is crucial to avoid load spikes that typically occur when
the athlete goes from a long recovery process to rejoining
the normal competitive group. Technology (e.g. GPS, accel-
erometers and / or HR devices) is very helpful for this
purpose.53
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Specific prevention

Once an athlete has suffered an ACL injury, they must be
educated about the importance of preventing reinjury. For
these individuals, it is essential to evaluate ACL injury risk
factors (Table 1. Part I) and to program in a way that reduces
their risk of reinjury each season in a personalized way.
Importantly, research shows that risk factors for reinjury
(e.g. strength and dynamic stability asymmetries between
lower limbs) can persist two years after returning to compe-
tition following ACL-R.85,86

Conclusions and practical applications

RTS and RTC following ACL-R is challenging for team athletes.
The RTS training program must be personalized, adapted to
the training framework typical of team sports, and based on
hypercomplexity. The planning of sports training takes on spe-
cial relevance and the following key points stand out:

- Address and evaluate modifiable risk factors on an ongo-
ing basis

- Progress in the specificity of the tasks
- Ensure good neuromuscular control in situations with high
risk of ACL injury

- Introduce a wide variety of motor experiences
- Progress into an unpredictable environment full of distur-
bances/chaos

- Integrate perceptual and cognitive structures
- Prepare the athlete to perform under conditions of both
fatigue and scoreboard pressure

Finally, we must highlight the importance of respecting
two parts of the process: (1) the time needed for each player
to progress, and (2) the coordinated effort that the profes-
sionals responsible for this process must make to ensure the
athlete's individual optimal performance and RTC at maxi-
mal performance.

Conflicts of interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

1. Tarrag�o JR, Massafret-Marim�on M, Seirul¢lo F, Cos F. Entrena-
ment en esports d’equip: l’entrenament estructurat al FCB.
Apunt Educ Física i Esports. 2019(137):103�14.

2. G�omez A, Roqueta E, Tarrag�o JR, Seirul¢lo F, Cos F. Entrenament
en esports d’equip: l’entrenament coadjuvant en el FCB. Apunt
Educ Física i Esports. 2019(138):13�25.

3. Van Melick N, Van Cingel REH, Brooijmans F, Neeter C, Van Tie-
nen T, Hullegie W, et al. Evidence-based clinical practice
update: practice guidelines for anterior cruciate ligament reha-
bilitation based on a systematic review and multidisciplinary
consensus. Br J Sports Med. 2016;50(24):1506�15.

4. Rodeo SA, Kawamura S, Kim HJ, Dynybil C, Ying L. Tendon healing
in a bone tunnel differs at the tunnel entrance versus the tunnel
exit. Am J Sports Med. 2006;34(11):1790�800. [Internet].

5. Suzuki T, Shino K, Nakagawa S, Nakata K, Iwahashi T, Kinugasa K,
et al. Early integration of a bone plug in the femoral tunnel in rect-
angular tunnel ACL reconstruction with a bone-patellar tendon-bone
graft: a prospective computed tomography analysis. Knee Surg Sport
Traumatol Arthrosc. 2011 Dec 23;19(S1):29�35. [Internet].

6. Wilk KE, MacRina LC, Lyle Cain E, Dugas JR, Andrews JR. Recent
advances in the rehabilitation of anterior cruciate ligament
injuries. J Orthop Sports Phys Ther. 2012;42(3):153�71.

7. Waters E. Suggestions from the field for return to sports partici-
pation following anterior cruciate ligament reconstruction: bas-
ketball. J Orthop Sports Phys Ther. 2012;42(4):326�36.

8. Myer GD, Paterno MV, Ford KR, Hewett TE. Neuromuscular train-
ing techniques to target deficits before return to sport after
anterior cruciate ligament reconstruction. J Strength Cond Res.
2008;22(3):987�1014.

9. Pauzenberger L, Syr�e S, Schurz M. Ligamentization” in ham-
string tendon grafts after anterior cruciate ligament recon-
struction: a systematic review of the literature and a glimpse
into the future. Arthrosc J Arthrosc Relat Surg. 2013;29
(10):1712�21.

10. Nagelli CV, Hewett TE. Should return to sport be delayed until
2 years after anterior cruciate ligament reconstruction? Biological
and functional considerations. Sport Med. 2017;47(2):221�32.

11. Seirul¢lo F. El entrenamiento en los deportes de equipo. Barce-
lona: Francisco seirul-lo vargas. 435..

12. Grindem H, Granan LP, Risberg MA, Engebretsen L, Snyder-
Mackler L, Eitzen I. How does a combined preoperative and
postoperative rehabilitation programme influence the outcome
of ACL reconstruction 2 years after surgery? A comparison
between patients in the Delaware-Oslo ACL cohort and the Nor-
wegian national knee ligament registry. Br J Sports Med.
2015;49(6):385�9.

13. Shaarani SR, O’Hare C, Quinn A, Moyna N, Moran R, O’Byrne JM.
Effect of prehabilitation on the outcome of anterior cruciate
ligament reconstruction. Am J Sports Med. 2013;41:2117�27.

14. Magill R.A.Motor learning: concepts and applications. Dubuque.
McGraw-Hill international 1998.

15. Welling W, Benjaminse A, Lemmink K, Dingenen B, Gokeler A.
Progressive strength training restores quadriceps and hamstring
muscle strength within 7 months after ACL reconstruction in
amateur male soccer players. Phys Ther Sport. 2019;40:10�8.

16. Sol�e J. Teoría del entrenamiento deportivo. Barcelona: Sicropat
Sport; 2008.

17. Schoenfeld B, Grgic J. Evidence-based guidelines for resistance
training volume to maximize muscle hypertrophy. Strength
Cond J. 2018;40(4):107�12.

18. Madruga-Parera M, Bishop C, Fort-Vanmeerhaeghe A, Beato M,
Gonzalo-Skok O, Romero-Rodríguez D. Effects of 8 weeks of isoi-
nertial vs. cable-resistance training on motor skills performance
and interlimb asymmetries. J Strength Cond Res. 2020(1):1..
Publish Ah.

19. Gonzalo-Skok O, Tous-Fajardo J, Valero-Campo C, Berzosa C,
Bataller AV, Arjol-Serrano JL, et al. Eccentric-overload training
in team-sport functional performance: constant bilateral verti-
cal versus variable unilateral multidirectional movements. Int J
Sports Physiol Perform. 2017;12(7):951�8.

20. Gonzalo-Skok O, Moreno-Azze A, Arjol-Serrano JL, Tous-Fajardo
J, Bishop C. A comparison of three different unilateral strength
training strategies to enhance jumping performance and
decrease inter-limb asymmetries in soccer players. Int J Sports
Physiol Perform. 2019(12):1�26.

21. Fort-Vanmeerhaeghe A, Romero-Rodriguez D. Rol del sistema
sensoriomotor en la estabilidad articular durante las activi-
dades deportivas. Apunt Med l’Esport. 2012;48:69�76.

11

Apunts Sports Medicine 57 (2022) 100361

http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0001
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0001
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0001
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0001
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0001
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0001
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0001
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0002
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0002
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0002
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0002
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0002
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0002
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0002
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0003
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0003
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0003
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0003
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0003
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0003
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0004
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0004
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0004
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0004
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0005
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0005
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0005
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0005
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0005
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0005
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0006
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0006
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0006
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0006
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0007
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0007
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0007
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0007
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0008
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0008
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0008
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0008
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0008
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0009
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0009
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0009
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0009
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0009
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0009
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0009
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0010
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0010
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0010
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0010
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0011
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0011
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0011
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0012
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0012
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0012
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0012
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0012
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0012
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0012
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0012
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0013
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0013
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0013
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0013
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0015
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0015
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0015
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0015
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0015
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0016
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0016
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0016
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0017
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0017
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0017
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0017
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0018
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0018
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0018
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0018
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0018
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0019
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0019
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0019
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0019
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0019
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0019
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0020
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0020
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0020
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0020
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0020
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0020
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0021
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0021
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0021
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0021


22. Behm DG, Anderson KG. The role of instability with resistance
training. J Strength Cond Res. 2006;20(3):716�22.

23. Behm DG, Anderson K, Curnew RS. Muscle force and activation
under stable and unstable conditions. J Strength Cond Res.
2002 Aug;16(3):416�22.

24. Fort-Vanmeerhaeghe A, Romero-Rodriguez D. An�alisis de los
factores de riesgo neuromusculares de las lesiones deportivas.
Apunt Med l’Esport. 2013;48(179):109�20.

25. Wahlstedt C, Rasmussen-Barr E. Anterior cruciate ligament
injury and ankle dorsiflexion. Knee Surg Sport Traumatol
Arthrosc. 2015;23:3202�7.

26. Fort-Vanmeerhaeghe A, Romero-Rodriguez D. Rol del sistema
sensoriomotor en la estabilidad articular durante las activi-
dades deportivas. Apunt Med Esport. 2012;48(178):69�76.

27. Fort Vanmeerhaeghe A, Romero Rodriguez D. The role of the
sensory-motor system in joint stability during sports activities.
Apunt Med l’Esport. 2013;48(178).

28. Fort-Vanmeerhaeghe A, Romero-Rodriguez D, Montalvo AM, Kie-
fer AW, Lloyd RS, Myer GD. Integrative neuromuscular training
and injury prevention in youth athletes. Part I. Strength Cond J.
2016;38(3):36�48.

29. Myer GD, Chu DA, Brent JL, Hewett TE. Trunk and hip control
neuromuscular training for the prevention of knee joint injury.
Clin Sports Med. 2008;27(3):425�48.

30. Akuthota V, Nadler SF. Core strengthening. Arch Phys Med Reha-
bil. 2004;85(March):86�92.

31. McGill S. Core training: evidence translating to better perfor-
mance and injury prevention. Strength Cond J. 2010;32
(3):33�46.

32. Fort-Vanmeerhaeghe A, Romero-Rodriguez D, Lloyd RS, Kushner
A, Myer GD. Integrative neuromuscular training in youth ath-
letes. Part II: strategies to prevent injuries and improve perfor-
mance. Strength Cond J. 2016;38(4).

33. Fort-Vanmeerhaeghe A, Romero-Rodriguez D, Lloyd RS, Kushner
A, Myer GD. Integrative neuromuscular training in youth ath-
letes. Part II: strategies to prevent injuries and improve perfor-
mance. Strength Cond J. 2016;38(4):9�27.

34. Bressel E, Yonker JC, Kras J, Heath EM. Comparison of static and
dynamic balance in female collegiate soccer, basketball, and
gymnastics athletes. J Athl Train. 2007;42(1):42�6.

35. Hewett TE, Paterno MV, Myer GD. Strategies for enhancing pro-
prioception and neuromuscular control of the knee. Clin Orthop
Relat Res. 2002(402):76�94.

36. DiStefano L, Clark M, Padua D. Evidence supporting balance
training in healthy individuals: a systemic review. J Strength
Cond Res. 2009;23(9):2718�31.

37. Taylor JB. Lower extremity perturbation training. Strength
Cond J. 2011;33(2):76�83.

38. Myer GD, Faigenbaum AD, Chu DA, Falkel J, Ford KR, Best TM,
et al. Integrative training for children and adolescents: techni-
ques and practices for reducing sports-related injuries and
enhancing athletic performance. Phys Sportsmed. 2011;39
(1):74�84.

39. Lloyd D, Buchanan T, Besier T. Neuromuscular biomechanical
modeling to understand knee ligament loading. Med Sci Sports
Exerc. 2005;37(11):1939�47. [cited 2014 Jun 5].

40. Fort Vanmeerhaeghe A, Sitj�a Rabert M, Romero Rodríguez D,
Guerra Balic M, Bagur Calafat C, Girabent Farr�es M, et al. Efec-
tos del entrenamiento vibratorio en personas físicamente acti-
vas: revisi�on sistem�atica. Rev Int Med y Ciencias la Act Fis y del
Deport. 2011;11(43):619�49.

41. Moezy A, Olyaei G, Hadian M, Razi M, Faghihzadeh S. A compar-
ative study of whole body vibration training and conventional
training on knee proprioception and postural stability after
anterior cruciate ligament reconstruction. Br J Sports Med.
2008;42(5):373�8.

42. Melnyk M, Kofler B, Faist M, Hodapp M, Collhofer A. Effect of a
whole-body vibration session on knee stability. Int J Sports Med.
2008;29(10):839�44.

43. Sierra-Guzm�an R, Jim�enez-Diaz F, Ramírez C, Esteban P, Abi�an-
Vic�en J. Whole-body-vibration training and balance in recrea-
tional athletes with chronic ankle instability. J Athl Train.
2018;53(4):355�63.

44. Myer GD, Paterno MV, Ford KR, Hewett TE. Neuromuscular train-
ing techniques to target deficits before return to sport after
anterior cruciate ligament reconstruction. J Strength Cond Res.
2008;22(3):987�1014. [Internet].

45. Cochrane JL, Lloyd DG, Buttfield A, Seward H, McGivern J.
Characteristics of anterior cruciate ligament injuries in Austra-
lian football. J Sci Med Sport. 2007;10(2):96�104.

46. Brazen DM, Todd MK, Ambegaonkar JP, Wunderlich R, Peterson
C. The effect of fatigue on landing biomechanics in single-leg
drop landings. Clin J Sport Med. 2010;20(4):286�92.

47. Buchheit M, Laursen PB. High-intensity interval training, solu-
tions to the programming puzzle: part I: cardiopulmonary
emphasis. Sports Med. 2013;43(5):313�38.

48. Welling W, Benjaminse A, Seil R, Lemmink K, Gokeler A. Altered
movement during single leg hop test after ACL reconstruction: impli-
cations to incorporate 2-D video movement analysis for hop tests.
Knee Surgery, Sport Traumatol Arthrosc. 2018;26(10):3012�9.

49. Pons Alcal�a E, Martin Garcia A, Guitart Trench M, Guerrero
Hern�andez I, Ramon Tarrag�o J, Seirul¢lo Vargas F, et al. Entrena-
miento en deportes de equipo: el entrenamiento optimizador
en el F�utbol Club Barcelona. Apunt Educ Física y Deport. 2020
(141):55�66.

50. Plisky P. Star excursion balance test as a predictor of lower
extremity injury in high school basketball players. J Orthop
Sports Phys Ther. 2006;36(12):911�9.

51. Crossley KM, Zhang WJ, Schache AG, Bryant A, Cowan SM. Per-
formance on the single-leg squat task indicates hip abductor
muscle function. Am J Sports Med. 2011;39(4):866�73.

52. Fort-Vanmeerhaeghe A, Montalvo A, Latinjak A, Unnithan V.
Physical characteristics of elite adolescent female basketball
players and their relationship to match performance. J Hum
Kinet. 2016;53(1).

53. Vanrenterghem J, Nedergaard NJ, Robinson MA, Drust B. Train-
ing load monitoring in team sports: a novel framework separat-
ing physiological and biomechanical load-adaptation pathways.
Sport Med. 2017;47(11):2135�42.

54. Fessi MS, Moalla W. Postmatch perceived exertion, feeling, and
wellness in professional soccer players. Int J Sports Physiol Per-
form. 2018;13(5):631�7.

55. Foster C, Florhaug JA, Franklin J, Gottschall L, Hrovatin LA,
Parker S, et al. A new approach to monitoring exercise training.
J Strength Cond Res. 2001;15(9):109�15.

56. Blanch P, Gabbett TJ. Has the athlete trained enough to return
to play safely? The acute:chronic workload ratio permits clini-
cians to quantify a player’s risk of subsequent injury. Br J Sports
Med. 2016;50(8):471�5. [Internet].

57. Malone S, Roe M, Doran DA, Gabbett TJ, Collins KD. Protection
against spikes in workload with aerobic fitness and playing experi-
ence: the role of the acute: chronic workload ratio on injury risk
in elite gaelic football. Int J Sports Physiol Perform. 2017.

58. Bosch F. Strength training and coordination: an integrative
approach. Rotterdam, Netherlands: 2010 Publishers; 2015.

59. Webster KE, Hewett TE. Meta-analysis of meta-analyses of ante-
rior cruciate ligament injury reduction training programs. J
Orthop Res. 2018(January):1�36.

60. Tous-Fajardo J, Gonzalo-Skok O, Arjol-Serrano JL, Tesch P.
Enhancing change-of-direction speed in soccer players by func-
tional inertial eccentric overload and vibration training. Int J
Sports Physiol Perform. 2016;11(1):66�73.

12

A. Fort-Vanmeerhaeghe, J. Arboix-Ali�o and A.M. Montalvo

http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0022
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0022
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0022
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0023
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0023
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0023
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0023
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0024
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0024
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0024
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0024
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0024
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0025
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0025
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0025
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0025
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0026
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0026
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0026
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0026
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0027
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0027
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0027
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0028
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0028
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0028
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0028
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0028
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0029
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0029
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0029
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0029
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0030
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0030
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0030
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0031
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0031
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0031
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0031
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0032
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0032
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0032
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0032
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0033
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0033
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0033
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0033
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0033
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0034
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0034
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0034
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0034
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0035
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0035
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0035
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0035
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0036
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0036
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0036
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0036
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0037
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0037
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0037
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0038
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0038
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0038
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0038
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0038
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0038
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0039
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0039
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0039
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0039
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0040
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0041
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0041
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0041
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0041
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0041
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0041
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0042
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0042
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0042
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0042
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0043
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0043
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0043
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0043
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0043
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0043
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0043
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0043
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0043
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0044
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0044
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0044
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0044
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0044
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0045
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0045
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0045
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0045
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0046
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0046
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0046
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0046
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0047
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0047
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0047
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0047
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0048
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0048
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0048
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0048
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0048
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0049
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0050
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0050
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0050
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0050
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0051
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0051
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0051
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0051
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0052
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0052
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0052
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0052
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0053
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0053
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0053
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0053
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0053
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0054
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0054
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0054
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0054
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0055
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0055
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0055
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0055
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0056
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0056
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0056
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0056
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0056
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0057
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0057
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0057
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0057
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0058
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0058
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0059
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0059
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0059
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0059
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0060
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0060
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0060
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0060
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0060


61. G�omez A, Roqueta E, Tarrag�o JR, Seirul¢lo F, Cos F. Entrena-
miento en deportes de equipo: el entrenamiento coadyuvante
en el FCB. Apunt Educ Física y Deport. 2019(138):13�25.

62. Bishop C, Turner A, Skok OG, Read P. Inter-limb asymmetry dur-
ing rehabilitation. Aspetar Sport Med J. 2020(March):18�22.

63. Gonzalo-Skok O, Tous-Fajardo J, Suarez-Arrones L, Arjol-Ser-
rano JL, Casaj�us JA, Mendez-Villanueva A. Single-leg power out-
put and between-limbs imbalances in team-sport players:
unilateral versus bilateral combined resistance training. Int J
Sports Physiol Perform. 2017;12(1):106�14.

64. Hewett TE, Ford KR, Xu YY, Khoury J, Myer GD. Effectiveness of
neuromuscular training based on the neuromuscular risk profile.
Am J Sports Med. 2017;45(9):2142�7.

65. Borotikar BS, Newcomer R, Koppes R, McLean SG. Combined
effects of fatigue and decision making on female lower limb
landing postures: central and peripheral contributions to ACL
injury risk. Clin Biomech. 2008;23(1):81�92.

66. Benjaminse A, Webster KE, Kimp A, Meijer M, Gokeler A.
Revised approach to the role of fatigue in anterior cruciate liga-
ment injury prevention: a systematic review with meta-analy-
ses. Sport Med. 2019;49(4):565�86. [Internet].

67. Besier T, Lloyd D. Anticipatory effects on knee joint loading dur-
ing running and cutting maneuvers. Med Sci Sports Exerc.
2001;1(3):1176�81.

68. Holmes A, Delahunt E. Treatment of common deficits associated
with chronic ankle instability. Sport Med. 2009;39(3):207�24.

69. Spencer M, Bishop D, Dawson B, Goodman C. Physiological and
metabolic responses of repeated-sprint activities:specific to
field-based team sports. Sports Med. 2005;35(12):1025�44.

70. Buchheit M, Laursen PB. High-intensity interval training, solu-
tions to the programming puzzle. Part II: anaerobic energy, neu-
romuscular load and practical applications. Sports Med. 2013;43
(10):927�54.

71. Taberner M, Allen T, Cohen DD. Progressing rehabilitation after
injury: consider the “control-chaos continuum. Br J Sports Med.
2020;54(2):116�7.

72. DosʼSantos T, Thomas C, Jones PA, Comfort P. Assessing asymme-
tries in change of direction speed performance: application of
change of direction deficit. J strength Cond Res. 2019;33
(11):2953�61.

73. Dos’Santos T, McBurnie A, Donelon T, Thomas C, Comfort P,
Jones PA. A qualitative screening tool to identify athletes with
‘high-risk’ movement mechanics during cutting: the cutting
movement assessment score (CMAS). Phys Ther Sport. 2019;38
(May):152�61. [Internet].

74. Buchheit M. The 30-15 intermittent fitness test: accuracy for indi-
vidualizing interval training of young intermittent sport players. J
Strength Cond Res. 2008 Mar;22(2):365�74. [Internet].

75. Castagna C, Abt G, Manzi V, Annino G, Padua E, D’Ottavio S.
Effect of recovery mode on repeated sprint ability in young bas-
ketball players. J Strength Cond Res. 2008;22:923�9.

76. Dingenen B, Truijen J, Bellemans J, Gokeler A. Test�retest
reliability and discriminative ability of forward, medial
and rotational single-leg hop tests. Knee. 2019;26
(5):978�87.

77. Myer GD, Schmitt LC, Brent JL, Ford KR, Barber Foss KD, Scherer
BJ, et al. Utilization of modified NFL combine testing to identify
functional deficits in athletes following ACL reconstruction. J
Orthop Sports Phys Ther. 2011;41(6):377�87.

78. Madruga-Parera M, Bishop C, Beato M, Fort-Vanmeerhaeghe A,
Gonzalo-Skok O, Romero-Rodríguez D. Relationship between
interlimb asymmetries and speed and change of direction speed
in youth handball players. J Strength Cond Res. 2019 Sep 26.
[Internet]Publish Ah.

79. Padua DA, Marshall SW, Boling MC, Thigpen CA, Garrett WE,
Beutler AI. The Landing Error Scoring System (LESS) is a valid
and reliable clinical assessment tool of jump-landing biome-
chanics: the JUMP-ACL study. Am J Sports Med. 2009;37
(10):1996�2002. [cited 2016 Dec 7].

80. Fort-Vanmeerhaeghe A, Montalvo AM, Lloyd RS, Read P, Myer
GD. Modified tuck jump assessment: reliability and training of
raters. J Sport Sci Med. 2017;16(3):440�1.

81. Myer GD, Ford KR, Hewett TE. Tuck jump assessment for reduc-
ing anterior cruciate ligament injury risk. Athl Ther Today. 2008
Sep 1;13(5):39�44.

82. Joyce D. Sports injury prevention and rehabilitation. sports injury
prevention and rehabilitation. New York: Routledge; 2015.

83. Ardern CL, Glasgow P, Schneiders A, Witvrouw E, Clarsen B,
Cools A, et al. 2016 consensus statement on return to sport
from the first world congress in sports physical therapy. Bern. Br
J Sports Med. 2016;50(14):853�64.

84. Webster KE, Feller JA, Lambros C. Development and prelimi-
nary validation of a scale to measure the psychological impact
of returning to sport following anterior cruciate ligament recon-
struction surgery. Phys Ther Sport. 2008;9:9�15.

85. Paterno MV, Schmitt LC, Ford KR, Rauh MJ, Myer GD, Huang B,
et al. Biomechanical measures during landing and postural sta-
bility predict second anterior cruciate ligament injury after
anterior cruciate ligament reconstruction and return to sport.
Am J Sports Med. 2010;38(10):1968�78.

86. Kyritsis P, Bahr R, Landreau P, Miladi R, Witvrouw E. Likelihood
of ACL graft rupture: not meeting six clinical discharge criteria
before return to sport is associated with a four times greater
risk of rupture. Br J Sports Med. 2016;50(15):946�51. [Inter-
net]Available from: http://bjsm.bmj.com/lookup/doi/10.
1136/bjsports-2015-095908.

13

Apunts Sports Medicine 57 (2022) 100361

http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0061
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0061
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0061
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0061
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0061
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0061
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0061
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0062
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0062
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0062
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0063
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0063
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0063
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0063
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0063
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0063
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0063
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0064
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0064
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0064
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0064
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0065
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0065
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0065
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0065
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0065
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0066
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0066
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0066
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0066
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0066
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0067
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0067
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0067
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0067
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0068
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0068
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0068
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0069
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0069
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0069
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0069
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0070
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0070
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0070
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0070
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0070
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0071
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0071
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0071
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0071
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0072
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0072
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0072
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0072
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0072
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0073
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0073
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0073
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0073
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0073
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0073
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0074
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0074
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0074
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0074
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0075
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0075
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0075
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0075
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0076
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0076
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0076
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0076
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0076
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0076
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0077
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0077
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0077
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0077
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0077
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0078
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0078
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0078
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0078
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0078
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0079
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0079
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0079
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0079
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0079
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0079
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0080
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0080
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0080
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0080
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0081
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0081
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0081
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0081
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0082
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0082
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0083
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0083
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0083
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0083
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0083
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0084
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0084
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0084
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0084
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0084
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0085
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0085
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0085
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0085
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0085
http://refhub.elsevier.com/S2666-5069(21)00017-1/sbref0085
http://bjsm.bmj.com/lookup/doi/10.1136/bjsports-2015-095908
http://bjsm.bmj.com/lookup/doi/10.1136/bjsports-2015-095908

	Return-to-sport following anterior cruciate ligament reconstruction in team sport athletes. Part II: Progressive framework
	Introduction. Towards optimal performance
	Rehabilitation
	Return-to-training
	Return-to-activity
	Improve strength in basic movement patterns
	Structure creation (SAID principle)
	Choosing tasks (movements)
	Compensatory work
	Regain neuromuscular control during fundamental motor skills
	Dynamic core stability
	Lower limb dynamic stability: from balance to landings
	Starting displacements: from running to change of direction
	Improve low impact resistance to fatigue
	Start SSS in a stable environment

	Return-to-sport
	Sport-directed strength development
	FMS at high intensity: unexpected actions and fatigue conditions
	Improve resistance to fatigue in sport-specific environment
	Combining SSS: progress towards a variable and unexpected environment

	Return-to-competition
	Return-to-peak performance
	Specific prevention
	Conclusions and practical applications
	Conflicts of interest
	References


